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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PURPOSE: To provide a semiconductor laser device which is 
capable of reducing a threshold, and minimizing temperature 



dependence of device characteristics by using a GalnAs strained 
quantum well structure which is easy to control a wavelength. 
CONSTITUTION: This invention relates to a semiconductor laser 
device which clamps an active layer 13 which is designed under 
strained quantum wall structure which laminates a GalnAsP 
barrier layer 13a and a GalnAs wall layer 13b with an InP clad 
layer 1 1 and a p type InP clad layer 1 5 and further inserts 
GalnAsP optical guide layers 12 and 14 between each of the 
clad layers 1 1 and 15. The active layer 13 is formed based on 
metal organic vapor deposition. Moreover, impurities, such as Si 
are added to the active layer 13 and the optical guide layer 14 
where the concentration of Si is set to: 1 X 1016cm-3 to 5 x 
1017cm-3. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3. [n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is the semiconductor laser device which sandwiched an active layer which consists of 
distortion amount child well structure of GalnAs by a cladding layer of a p type and a n type, It is at 
least a part of light guide layer which said active layer is formed with vapor phase growth, and was 
provided between said active layer or said active layer, and a p type clad layer, A semiconductor laser 
device which sets concentration of Si as an impurity as 1x10 ^^cm~^ - 5x10 ^'cm~^, and is characterized 
by things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the semiconductor laser device which has especially an 
active layer of quantum well structure with respect to the semiconductor laser device used for optical 
communications or information processing. 
[0002] 

[Description of the Prior Artlln recent years, the semiconductor laser using the various-compounds 
semiconductor material as light sources, such as information processing and optical communications, is 
developed, and the high performance-ization is desired. Especially the demand to the low threshold 
characteristic, the characteristic that an output change is small to temperature, and high-reliability is 
strong, and the research and development are done briskly. 

[0003]In order to realize the semiconductor laser oscillated with a low threshold, introducing quantum 
well structure into an active layer is performed, and it is performed that the well layer of quantum well 
structure introduces the distortion amount child well structure from which a cladding layer and a grating 
constant differ especially in these days. In introducing distortion at an active layer in the case of the 
laser of a 1.5-micrometer belt, it realizes the effect of lowering a threshold by making a grating constant 
larger than a substrate, in many cases. In this case, as a well layer of quantum well structure, a GalnAs 
layer with the presentation near InAs is used compared with the case where lattice matching is being 
carried out. 

[0004]Since threshold current density will fall if distortion amount child well structure is introduced, the 
quantity of the career within the quantum well which enlarges temperature dependence of a laser 
characteristic will be reduced, and it can expect to make change of the characteristic by temperature 
small. However, actually, although threshold current falls, it is becoming clear that the dependency over 
temperature is not necessarily small. 

[0005]When width of the laser of a 1 .3-micro meter belt or the well layer of quantum well structure is 
made large, GalnAsP with comparatively high P presentation is used for a well layer on the other hand 
and the laser of a 1.5-micrometer belt is produced, improving temperature characteristics easily is 
known. However, in such a structure, in order to use GalnAsP which contains two kinds of V group 
elements with high steam pressure in a well layer, there was a problem of being hard to control a 
presentation and an oscillation wavelength. 

[0006]These problems are explained in detail below. When introducing distortion at an active layer in the 
case of the semiconductor laser of the 1.5-micrometer belt of a low threshold, compared with the case 
where lattice matching is being carried out to the substrate as a well layer, a GalnAs layer with the 
presentation near InAs is used in many cases. At this time, the temperature dependence of a laser 
characteristic cannot become small easily that threshold current density falls. Zn used into the cladding 
layer or the substrate is spread, and this point is considered because a deep level is formed at the same 
time Zn will be accumulated into a GalnAs layer with a small diffusion coefficient of Zn. Especially, since 
the thickness of a well layer is thin in quantum well structure, it becomes the cumulative effect of Zn is 
large and remarkable that influencing this problem. 

[0007]On the other hand, in the field in which the n type impurity is added, the diffusion coefficient of a 
p type impurity becomes small. If the n type impurity is added especially at more than p type impurity 
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concentration, the diffusion coefficient of a p type impurity will become small. Diffusion of Zn in the 
inside of InP is a two-step diffusion type, in a low-concentration diffusion front, concentration is below a 
10 ^^cm""^ grade, and concentration falls rapidly. For this reason, diffusion of Zn can be controlled as it is 
the concentration more than [ in which the n type impurity in the inside of quantum well structure 
exceeded this value ] fixed, and accumulation of Zn to a GalnAs layer and generating of a deep level can 
be reduced. 

[0008]When forming the quantum well structure of an active layer, in the case of an InP system, quality 
crystal growth is possible at vapor phase growth, especially metal-organic chemical vapor deposition. As 
for impurity concentration, if GalnAs is grown up by this method. Si is the main elements, the impurity of 
a background serves as a n type, and it is common that below 10 ^^cm~^ becomes. When distortion 
amount child well structure is used, the GalnAs presentation of a well layer becomes close to InAs, but 
in the layer of such a presentation, Si is hard to be incorporated as an impurity and the Si concentration 
of a background will become still lower. For this reason, diffusion and accumulation of Zn take place 
easily. 
[0009] 

[Problem(s) to be Solved by the Invention]Thus, even if it introduced distortion amount child well 
structure conventionally using the GalnAs layer, when the problem that the dependency over 
temperature is not made small, and GalnAsP whose P presentation is still higher were used as a well 
layer of quantum well structure, there was a problem that the wavelength control of laser became 
difficult. 

[0010]This invention was made in consideration of the above-mentioned situation, and the place made 
into the purpose has a threshold in providing the semiconductor laser device which can make 
temperature dependence of an element characteristic small low using the distortion amount child well 
structure of GalnAs with easy control of wavelength. 
[0011] 

[Means for Solving the Problem]In order to solve an aforementioned problem, this invention has adopted 
the following composition. Namely, in a semiconductor laser device with which this invention sandwiched 
an active layer which consists of distortion amount child well structure of GalnAs by a cladding layer of 
a p type and a n type, An active layer is at least a part of light guide layer which is formed with vapor 
phase growth and provided between an active layer or an active layer, and a p type clad layer, and set 
concentration of Si as an impurity as 1x10 ^®cm~^ - 5x10 ^^cm~^. 

[0012]Here, an atomic percentage of abbreviated 1x10 ^®cm~^ - 5x10 ^^cm~^ is the value measured by 
SIMS (Secondary Ion Mass Spectrometry) in concentration of Si, and it includes an error of the factor 3. 
The following are raised as a desirable embodiment of this invention. 

(1) A cladding layer is a layer containing InP. 

(2) Use GalnAs which carried out lattice matching to a cladding layer, or GalnAs which carried out lattice 
mismatching to a substrate as a well layer in quantum well structure of an active layer. GalnAsP with P 
presentation low about a well layer may be sufficient. 

(3) It is necessary to carry out with vapor phase growth in creation of quantum well structure, and use 
especially metal-organic chemical vapor deposition. 

[0013] 

[Function]In this invention. Si is positively added in the active layer of a semiconductor laser. 
Therefore, diffusion of a p type impurity (for example, Zn) can be controlled now in an active layer, and it 
becomes possible to control accumulation of the p type impurity in the inside of quantum well structure, 
and generating of a deep level. 

[0014]About the field which adds Si, only the well layer of quantum well structure is good, and the whole 
active layer is also effective in only the barrier layer of quantum well structure controlling diffusion of a 
p type impurity further. Even if it adds Si to the light guide layer provided between the active layer and 
the p type clad layer, there is an effect which controls diffusion of a p type impurity. 
[0015]In embedding type laser, diffusion of a p type impurity takes place in the field of the quantum well 
structure of an active layer from an embedded layer especially easily to the GalnAs layer of quantum 
well structure. Since this diffusion takes place in along the well layer of quantum well structure, it is 
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difficult to control diffusion of a p type impurity by a light guide layer etc., but diffusion of such a p type 
impurity can be substantially controlled by applying this invention. Since Si is intentionally added also 
when this invention is used for the active layer of distortion amount child well structure, the 
concentration of Si of a well layer is high enough, and the effect of control over diffusion of a p type 
impurity is remarkable. 

[0016]As mentioned above, as a result of being able to control diffusion of a p type impurity, even if an 
active layer is a GainAs layer, the dependency over the temperature of a laser characteristic can be 
made small. If the concentration of Si in an active layer is too high, laser oscillation threshold current will 
go up, or the life of a laser device will become short, but such a problem was not generated when it was 
the concentration of this invention within the limits. 

[0017]Since a diffusion coefficient is [ that it is hard to go up the concentration of a p type impurity as 
the characteristic of material ] also small as a well layer of the distortion amount child well structure of 
an active layer again when GalnAsP is used instead of GalnAs, it is hard to accumulate a p type impurity. 
The effect same [ since the impurity concentration of the background in the case of crystal growth does 
not fall easily, there is also a point that there is diffusion depressor effect of a p type impurity, but ] by 
applying this invention as Ga[nAs can be realized though it is small, and a grade's can improve the 
temperature characteristics of laser. In particular, in GalnAsP with low P presentation, since a material 
property is close to GalnAs, the effect shows up notably. 
[0018] 

[Example]Hereafter, the example of this invention is described with reference to drawings. Drawing 1 is a 
sectional view showing the element structure of the semiconductor laser concerning the 1st example of 
this invention. On n type InP substrate 10, growth formation of the n type clad layer 11, the light guide 
layer 12, the active layer 13, the light guide layer 14, and the p type clad layer 15 is carried out at the 
order of the above. 

[0019]The n type clad layer 1 1 is n type InP of Si addition of carrier concentration 10 ^^cm~^. The light 
guide layer 12 is n type GalnAsP (0.1 -micrometer [ in thickness ], and band gap I.Smicrometer) of Si 
addition of carrier concentration 10 ^^cm~^. The active layer 13 The GalnAsP barrier layer 13a (10-nm 
[ in thickness ], and band gap 1 .3micrometer, seven layers) of Si addition of carrier concentration 5x10 
^^cm~^. The GaggglngggAs well layer 13b (nm [ in thickness / 3 ], eight layers) of Si addition of carrier 

concentration 5x10 ^^cm"'' has distortion amount child well structure repeated by turns. The light guide 
layer 14 is GalnAsP (0.1 -micrometer [ in thickness ], and band gap 1.3micrometer) of Si addition of 
carrier concentration 10 ^^cm"*^. The p type clad layer 15 is p type InP (0.5 micrometer in thickness) of 
Zn addition of carrier concentration 10 ^®cm"^. 

[0020]The upper layer has mesa structure which is about 1.5 micrometers in width from the upper part 
of the n type InP clad layer 11, The both sides are embedded by the p type InP layer 16 of Zn addition of 
carrier concentration 10 ^^cm""^, and the n type InP current blocking layer 17 of Si addition of carrier 
concentration 10 ^^cm~^. Furthermore, in the upper part The p type Gag^ylngggAs contact layer 19 (0.5 
micrometer in thickness) of Zn addition of p type InP layer [ of Zn addition of carrier concentration 10 
^^cm~^ ] 18 and carrier concentration 5x10 ^^cm~^ is formed. 

[0021] And on the GalnAs contact layer 19, vacuum evaporation formation of Au-Zn / Au electrode (p 
lateral electrode) 21 is carried out, and vacuum evaporation formation of Au-germanium/nickel / Au 
electrode (n lateral electrode) 22 is carried out on the undersurface of n type InP substrate 1 0. 
[0022]The semiconductor laser of this example set cavity length to 200 micrometers, and the 
reflectance of one end face gave the high reflection coat whose reflectance of the end face of another 
side is 90% 70% with the multilayer film of Si and SiOj. 

[0023]The oscillation wavelength of the semiconductor laser of this example is 1.56 micrometers, and 
threshold current showed the value as eta (75 **)/eta (25 **) - 0.7, and a laser device of such low 
threshold current with a big temperature change of 3 mA and slope efficiency eta. It was set to eta (75 
**)/eta (25 **) - 0.6 in the element of the same structure that did not add to an active layer at Si. 
[0024]The active layer 13 of the semiconductor laser of this example was formed by metal-organic 
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chemical vapor deposition. On that occasion, addition of Si was performed by having SiH^. Temperature 
of crystal growth was performed at 620-690 **. Since the thickness of a crystal is very thin about the 
GaQgglnQggAs well layer 13b, it is difficult to measure the concentration of Si in a film, on the other hand 

— SiH^ — the inside of InAs — it being incorporated and efficiency at 620 **. It was smaller than that 
to the inside of Gao47^"053^^ through which it is incorporated, is smaller than efficiency about 1.5 
figures, and passes among Gao47'"o53^^ '® '"corporated and efficiency is [ that ] into GaAs a 
figure single [ about ]. This means that SIH^ takes and ****** Is changing exponentially to the 
presentation of Gaj^In^.^^ As (0<=x=1) by the surface reaction with material. 

[0025]Then, when supplying SiH^ to the GaggglngggAs well layer 13b, conditions were decided noting 
that SiH4 was incorporated and efficiency was changing exponentially to presentation change of GalnAs. 
When SiH^ was used as a raw material. Si was incorporated, efficiency had [ as opposed to / in GalnAs 
with a higher InAs presentation / temperature ] a strong dependency, and the activation energy at this 
time was proportional to the solid phase presentation of Ga^In^_^ As (0<=x=1). Then, Si to InAs is 
incorporated, Si to efficiency and Gag ^ylng ggAs is incorporated. Si to the temperature dependence of 
efficiency and material composition is incorporated, and efficiency is taken into consideration. The 
conditions of supply of SiH^ were decided that the carrier concentration in the inside of the 

G^oas'^oes^^ '^V®'' serves as 5x10 ^®cm~^. 

[0026]Here, the range with desirable Si concentration in the active layer 13 is explained. In the 
semiconductor laser of this example, when n type carrier concentration of the GaggglnQQ^As well layer 

13b was made lower than 1x10 ^^cm~^, threshold current went up rapidly with abbreviated 3mA to 6 mA. 
On the other hand, when carrier concentration of the GaggglngggAs well layer 13b was made higher than 

abbreviated 5x10 ^^cm"^, the threshold rose again. 

[0027]The carrier concentration dependency of threshold current is shown in drawing 2 . That threshold 
current went up when carrier concentration was lowered, Since the Si concentration in the 
GaQjglnQggAs well layer 13b was lowered, abbreviated coincidence or since it became higher and 
difHision of Zn increased rapidly, the Zn concentration of the first step of low concentration area of two- 
step diffusion of Zn and the concentration of Si are presumed. 

[0028]It is considered to be the following reasons that threshold current went up on the other hand 
when carrier concentration was raised. In order for laser to oscillate, the carrier concentration poured in 
from the outside to carrier concentration with the impurity of the active layer in the active layer is high 
enough, and the population inversion of a career needs to be formed. However, if the impurity 
concentration in a well layer becomes more than abbreviated 5x10 ^^cm~^, when usually carrying out 
laser oscillation, the carrier concentration and the difference which are poured in from the outside will 
become small. For this reason, it is presumed that injection carrier concentration required in order to 
form a population inversion with the rise of the impurity concentration in a well layer rose. 
[0029]The Si concentration in a distortion amount child well layer was made to be between 1x10 ^^cm~^ 

- 5x10 ^'cm~^ in the semiconductor laser of this invention based on such a result Thus, according to 
this example, by using GalnAs which composition control tends to perform to the well layer 13b of the 
active layer 13 of distortion amount child well structure, even if the check of a presentation uses 
difficult distortion amount child well structure, an oscillation wavelength is very stable, and it was able to 
control to 1 .56**0.01 micrometers. Compared with the case where GalnAsP of 4 yuan which is a mix 
crystal is used for the well layer of an active layer, dispersion for every wafer was able to be stopped to 
about 60 percent by the quantum well laser of a similar structure. 

[0030]And since Si was positively added in the active layer 13 and Si concentration is set as 1x10 ^®cm~ 
^ - 5x10 ^^cm~^. Diffusion of the p type impurity (Zn) in the inside of the active layer 13 can be 
controlled, and it becomes possible to control accumulation of the p type impurity in the inside of 
distortion amount child well structure, and generating of a deep level. Therefore, temperature 
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dependence of an element characteristic can be made small with the reduction of a threshold, and the 
usefulness is greatest. 

[0031] Drawing 3 is a sectional view showing the element structure of the semiconductor laser 
concerning the 2nd example of this invention. In the semiconductor laser of this example, growth 
formation of the p type clad layer 31, the light guide layer 32, the active layer 33, the light guide layer 34, 
and the n type clad layer 35 is carried out at the order of the above on p type InP substrate 30 of Zn 
addition of carrier concentration 4x10 ^^cm~^. 

[0032]The p type clad layer 31 is p type InP (1.5 micrometers in thickness) of Zn addition of carrier 
concentration 10 ^^cm~^. The light guide layer 32 is GalnAsP (0.2-micrometer [ in thickness ], and band 
gap 1.13micrometer) of Si addition of carrier concentration 5x10 ^^cm"^. The active layer 33 The 
GalnAsP barrier layer 33a (6-nm [ in thickness ], and band gap 1,13micrometer, five layers) of Si addition 
of carrier concentration 10 ^^cm~^, It has distortion amount child well structure which repeated the 
GalnAsP well layer 33b (7-nm [ in thickness ], and band gap 1.4micrometer, 0.6% of the degree of lattice 
mismatching, six layers) of Si addition of carrier concentration 10 ^^cm""^ by turns. The light guide layer 
34 is GalnAsP (band gap 1.13micrometer) of Si addition of carrier concentration 5x10 ^^cm~^. The n type 
clad layer 35 is n type InP of Si addition of carrier concentration 5x10 ^^cm~^. 

[0033]The upper layer has mesa structure which is about 1.5 micrometers in width from the upper part 
of the p type InP clad layer 31, p-InP layer 36a of Zn addition of the both sides of carrier concentration 
10 ^^cm~^, It is embedded by the n type InP current blocking layer 37 of Si addition of carrier 
concentration 10 ^^cm"'', and the p type InP layer 36b of Zn addition of carrier concentration 10 ^^cm""^. 
Furthermore, the Gbq ^ylng ggAs contact layer 39 of Si addition n type [ upper part / the ] (the n type 

InP layer 38 of Si addition of carrier concentration 10 ^®cm~^ and carrier concentration 5x10 ^^cm~^, and 
0.5 micrometer in thickness) is formed. 

[0034]And on the GalnAs contact layer 39, vacuum evaporation formation of Au-germanium/nickel / Au 
electrode (n lateral electrode) 41 is carried out, and vacuum evaporation formation of Au-Zn / Au 
electrode (p lateral electrode) 42 is carried out in the rear face of p type InP substrate 30. 
[0035]The semiconductor laser of this example set cavity length to 200 micrometers, and the 
reflectance of one end face gave the high reflection coat whose reflectance of the end face of another 
side is 90% 70% with the multilayer film of Si and Si02. 

[0036]The oscillation wavelength of the semiconductor laser of this example is 1.3 micrometers, and 
threshold current showed the characteristic outstanding as a laser device of low threshold current which 
was formed on the p board as eta (75 **)/eta (25 **) - 0.8, and the laser formed on n board with same 
temperature change of 2.3 mA and slope efficiency eta. It was set to the threshold current eta (75 
**)/eta (25 **) - 0.7 as an element of the same structure that did not add to an active layer at Si. It is 
because it prevented being able to reduce substantially diffusion of Zn from the substrate 30 added by 
high concentration in this layer, and accumulation of Zn taking place into the quantum well structure of 
the active layer 33, since this has the carrier concentration comparatively as high as 5x10 ^^cm~^ in the 
light guide layer 32. Here, when carrier concentration in the light guide layer 32 was made into the high 
concentration more than 5x10 ^^cm~^, the life of the element fell rapidly. 

[0037]This invention is not limited to each example mentioned above. In an example, although Si was 
added to a light guide layer, the well layer of quantum well structure, a barrier layer, and all, addition of Si 
has this part, besides effect to which it responded. Although Zn was used as a p type impurity in the 
example, also when Cd, Mg, Be, etc. are used as a p type impurity, this invention demonstrates the same 
effect as the case of Zn. 

[0038]Although each quantum well structure explained in the example is GalnAs thru/or the GalnAsP 
quantum well of compressive strain, it may not have distortion or the quantum well structure of tension 
distortion may be sufficient as it. The application to the active layer of InAsP, etc. is also possible. 
Although the example explained taking the case of the usual embedding type Fabry-Perot laser, the 
application to the laser of mesa structure or ridge wave structure, a DFB laser, or a surface emission- 
type laser is also possible. In addition, in the range which does not deviate from the gist of this invention, 
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it can change variously and can carry out 
[0039] 

[Effect of the Invention]By this invention, Si is positively added in the active layer of quantum well 
structure and the concentration of Si as an impurity Is set as 1x10 ^®cm~^ - 5x10 ^^cm""^ to have 
explained in full detail above. 

Therefore, it becomes possible to control diffusion of a p type impurity (for example, Zn) in an active 
layer, and to control accumulation of the p type impurity in the inside of quantum well structure, and 
generating of a deep level. 

Therefore, a threshold becomes possible [ realizing the semiconductor laser device which can make 
temperature dependence of an element characteristic small low ] using the distortion amount child well 
structure of GalnAs with easy control of wavelength. 

[0040]This effect can be applied also to a high-output semiconductor laser, and can realize improvement 
in an element characteristic. When a GalnAs well layer is used, a well layer is especially a GalnAs mix 
crystal, when metal-organic chemical vapor deposition is used, the determination of a presentation is 
easy and an oscillation wavelength can be determined easily. Especially, in the semiconductor laser of an 
embedding type 1.5-micrometer belt, the effect of this invention is greatest. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dra wi ng 1]The sectional view showing the element structure of the semiconductor laser concerning the 
1st example of this invention. 

[Drawing 2] The characteristic figure showing the carrier concentration dependency of the threshold 
current in the 1st example. 

[Drawing 3]T he sectional view showing the element structure of the semiconductor laser concerning the 
2nd example of this invention. 
[Description of Notations] 

1 0 — n-InP substrate 1 1 — n-InP cladding layer 

12 — n-GalnAsP light guide layer 13 — Quantum well active layer 

14 — GalnAsP light guide layer 15 — p-InP cladding layer 

1 6 — p-InP layer 1 7 — n-InP current blocking layer 

1 8 — p-InP layer 1 9 — p-GalnAs contact layer 

21 — Au-Zn/Au electrode (p lateral electrode) 22 — Au-germanium/nickel / Au electrode (n lateral 
electrode) 

30 — p-InP substrate 31 — p-InP cladding layer 
32 — GalnAsP light guide layer 33 — Quantum well active layer 
34 — GalnAsP light guide layer 35 ~ n-InP cladding layer 
36a, 36 b — p-InP layer 37 — n-InP current blocking layer 
38 — n-InP layer 39 — n-GalnAs contact layer 

41 ~ Au-germanium/nickel/Au electrode (n lateral electrode) 42 ~Au-Zn / Au electrode (p lateral 
electrode) 



[Translation done.] 
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[0 0 0 4] H^l^^^lijgSf^AtSt. LtV^« 

[0005]-;^. 1 . 3 ,z m^© U'-f ^*i^#FP 

ji©#Fl(^iPsSrJ!£< L-CJt^6^P|I^!g(^igV^Ga I n 40 
AsP^^Fll^ffll/^ri. 5;zm^(D^-lfSrf^Mt 

(7)i^VW:^5c^^-aii^tpGa I nAs P^lVNSfc 

/Co 

[0 0 0 6] ^nh(DWim^. )ikT\mh<mmt^. 
m\^m'mx-f^m\^ii\<^x\t. wpmthxm. 

f-^^S'&LTl^5*-a-}iJt'<r I n A s m^®J£^^ 50 
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Ga I nA sl;i5^V^f>tl5^'g•^5#V\ L 

nmL^Km^^hi^X\^^^ZntmWU Zn©fet# 
iC(7)/h$V^Ga I nAsl4'iiZn^5t^tTLt5^ 

:L<Dwmi.. ^^^pm^\:iii\'^xmpmm^tm 

[000 7]-*. nS(D^|^fitf«P$i^-CV^5M^^ 

x\±pm7fmm(Dmi%m^'h^<f£^. m^. ps© 

t^io'' cm' umxTxMm^^m^yt^^o ^<Dfc 
fc. M^^-pmm^x(Dnm^mm:i(Dmm^tc~ 

&J.±(D^mXh^tZn(DmmmMX^. Gain 
A s M^<D Z n (D^S[^^VM^'<;KD|g^^{Si^t 5 ^ 

[0 0 0 8] fsm<Di^^FmmMmtm\:.ii i 

i§n«p«(0^B^a©^*;i5B]-tgx^fe§„ r(0;^&-eGa I n 
A s Sr^*t 5 y'^y^^y^y K©^*iet»tt S i 

Mh±W£7c^xh^. nmtti^. ^mmmtio 

" cm" &sTtf£^(Df)^^mXh^o ^tc. 
FtM^fflV^/c^-^iCfi^Fl^Ga I nAsEi,)c:05i 

[00 0 9] 

immm^hiiott^mm] ^(D^omM. Ga 

I nAslSrfflV^TII^^^i:^#F#Ji^^AtT^). 
{4PilM(DiiV^Ga I nAsPt:m^^Pmm(D^FM 

[0 0 1 01 7^|gBJl4. ±fB»tt Sr#i:L-C/j:$tifc'b 
a I nAs(DS^*^^1^F^i5t^lV^T. Lt V^|S;^^^S 

[00 11] 

^WM\m(Di:otmmUMLX\>^^, gpt,*^ 
mix Ga I nAs(D^^m^^Pmmi'h^£6^m 
i:i>mRXfnm(D^y y YMX^htl^mW^-T^W. 

^ct5v^T, mmmMmmxM^fix^^ . t^-o 



3 

^Srixio'' cm"'~5X10" cm' \Z.W^Ltc:i 

[0 0 12] S X 1 O" cm"' 

~5 X 1 o" cm"' (Dj^^-lgi:V^5<^t4s SIMS 
(Secondary Ion Mass Spectrometry ) \C ]: 'O Wl'^Lfz 

5„ 

(1) ^7 5/ Kiittl nP^^tfl-efeSo 

(2) fSttl(D*T-#F«jt«^®#Flt LTtt. ^7 10 
y KlS^I&^S^LfcG a I n A s . XtiSStfe^^ 

PlM©^SV^Ga I nAsP-e^>J:V\ 

(3) M^^-pmm(DWmchtc^X\iMM^-^W:-r^no 
[00 13] 

[m] mmK^tiit. ^mwi^-fmm^\^s 

!^ mmz n ) ommmmix^ s j; 5 (c/^ , a- 

^pm^M^x<Dp¥^m^<DwmRxy^^^^^^^<D^^ 20 

[0 0 14] Si ^»tSISWco^^-tf4. fsm^ 

tz%ii^ Kites i ^mxi\.xh. vWfmi<omi^ 
[0 0 15] mKWbThJm(o\^—f\^^\'^x\-i. 

3t;^?"^ YMm^^^xm^m(Diimmm?> 
[0016] &k±(Di: 0 pm^mii(omLmux 

tfcfSm. ffittl^^Ga I nAsl-efeoT^). I/— 40 

[0 0 1 7] t/c. Sttl(DS^*^#FtiiitD#Fl 
t LT. Gal nAs©{-t*^'9leGa I nAs PSrfflV^ 
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^t\^^^t^^.hhm\ *f§Bj^®ffit5rt-eGa I 

PE^(7)jai/^Ga I nAsP(D#^}Ctt$^i|S|-i|#tt;J5Ga 
I n A s ^rSV^©T'^®'^^;6^0t^-m^5c 
[0 0 18] 

tSo 01tt. *^0J©mi©^JIM{C'^^^?)^¥#:v- 
-If©^^*it^^^tifffi0-efo5o nMlnPSSl 
0±i;i. nS^yyKlll, )t;if^K112, ffittl 
1 3 , %iS'i Kl 1 4 JS:t;p y y Kl 1 5 ±IE 

[00 19] nSiJ'yy K^l 114. ^^yrS^lO 

cm"' (DS i»(7)nill nP^-feSo %U4 YMl 
2i4. ^-tyTlSlo" cm"' ©S i j^iP^nSGa 
InAsP (J?$0. l//m, /^V K=¥^ s/:^l . 3 
m) -efcSc ffittll3l4. =3s^^yTSI^5X10'' c 
m"' ©S i WS\(OG a I n A s P(S|H 1 3 a 1 
Onm, /<yK^>->7°l. 3/im. 71) =3r^y 
Tl^5 X 1 O" cm' 08 i^iiDCiGa 0.35 In 
0.6= As^F113b (J¥$3nm, 81) tt^^:S. 

Kl 1 4 f4. y r^m l O'' c m" S I m*P(^G 

aInAsP(Jf$0. 1 m, /^^ K=¥t 1 . 3 
/im) t/c. pS^7S/K115!4. =3rtyr 

Jg^io" cm"' (7)Zn«jjP(©pSl nP (ip^O. 5 

[0020] nil nP^7S/Kll l<7)±g|5j;«9±l 
;i5*s|t)l. 5/im(D^f-«5tie;SoT*i'9s ^(^MW 
=3r^y 711^1 O'' cm"' (DZn^JP^pSl nPll 
6&tJ5df;^.yT2iSl O" cm"' ©S i^JPWnSl n 

}ef4, ^S^^yr^Slo" cm"' OZn^JPWplI n 
Pll 8S0^^yTl^5xi o" cm"'(DZn»P 
(DpStOGa o.« I n 0.5, Asny^^Mig 

(J?$0. 5 Mm) ;45^M§tl-CV^S„ 

[0 0 2 1] ^LT. GaInAs=i>'^i^Kgi9± 
}Cf4Au-Zn/Au«^ (ptim® 2 1 d^^tffM 
$tb> nil nPS^l 0(Z)Tffi}-[4Au-Ge/Ni 
/Aulti (ntJmS) 2 2;i5^*ff^fife$t^TV^5<. 

[0022] *^JII?iJ<©^^|^^-if f4*Jg^^^ 2 0 
0/imirU Sii:Si02 ©#ll^}cj:i9, 

^(omm'^ 7 0 %. 9 0 %<Dn 

[0 0 2 3] ifmm(D^MW-^~^mw&mt 1 . 

5 6/im-r\ Ltl/^m»fi{43mA, ^n-7°?A>^7) 
«'»4;j (7 5'C) /r) (2 5°C) ~0. It. Z.(D 



5 

7, (7 5V) /v (.2 5V) ~0. 6 

[00 24] :^mmm(D^mi¥i^-fmm 1 3 m 

S iH4 ^fcoXtfof^^ '^ia^-^<DUmt6 2 0-6 
9 OVxn^tc. G a 0.35 I n o.es A s ^pM 1 3 

(DS^IraiJ^t5:ii^^iltv\ SiH* ^cov^ 
Tfil nAs^^©S^l9at^^?^*tt6 2 0'C-efl. G 
a 0.47 I n 0.53 As^^(Dm^^'^fh9Wl^^'^ 10 
1. 5#T/h$<. Ga 0.4, In o.sa A s ^^OM'O 
iittL'?>*l4G a A s tf:--(^^tiJ: !9 ^b^^J Hfi/h$*^o 

r©rtf4, siH4 (DM^T^t.fitm'i^tomm 

Rj^XGa. I ni-. As (0 ^ x = 1 ) ©»^lC?5|-L 

X. }nWm^^K^itLX\^'?)Lt^M^LX\^^^o 
[0 0 2 5] -t^l-Tr^ Ga 0.3S I n o.es A s 
1 3b}::S iH4 m^t^t^(D^WnS iH4 ©Si 

m\^mtLx\/^^tLxmtc. mnthxs 

^m^tc 1 1 s S i 19 5AtiX'?>^f4 I n A s m^(D 20 
igV^Ga I nAs{Jif'M-^tT?tl^'fiife#tt^i^-^. 
^(7)it(D?gttft^^^V=^-|4Gax 1 ni-. As (0 
^x = l) (Dm^BM\^itmLtc. ^^-e. InAs'^ 
©S i Ci:5jf3iiit^^$^ Ga o.47 I n 0.53 As'^ 

Mt^s i(Dmmn9mmMLx. Ga i 

n o.es A s PfpM 1 3 b ^X<D^^ y T^mii^ 5 X 1 

[0 0 2 6J ::rT% S-till 3^><DS i«^©MtL 

^^$5Hic:o^^rfiBJt5c *^ISM<Di{^^|^:i/-lP(C*i 30 
l^T. Gao.35 I n 0.05 A s 3 b © n 7°(D 

=5r1'y7iiS^l X 1 0'' cm'' i:\)^<t^t. 
V^S?)fEm3mA;5^?5 6mAi:iLWc±#t^c„ 
G a 0.35 I no.e5 A s 1 3 b (0^^ ]) Tmmm 

5x10" cm"' i:Vm<t^t. Sa«LtvMg;6^J:# 

[0 0 2 7] L^\^^mm<D^^^)Tm^^&im2\c 

(D 14, G a 0.35 I n 0.65 A s 3 b tf^WS i Jgg 

^TtffcfcJ^IC. Zn(DZ|5^tet^(D-|^g(Dffi?i^^ 40 

[0 0 2 8] ^^])Tm^±.tftzm^L^\'^m 

i) y TmmmLxmi}'hUA^ntz.^^ y rm 
&5o tz6ii\ ^pm^(D^mm&m5xio" 
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[0 0 2 9] r(Dj;5''cefSm(-S'3-t*?SBJO^^^^ 

-ificjov^TH. M^*^#FJi'^<^s i 1 X 1 

0" cm"'~5X10" cm"' (DPB^lCfeS j;5iv:L/c„ 
1 1 3 (DWpM 1 3 b ^cE^*Jil(D^T^^^V^G a I n A 

Ftf3t^fflv^-r'b^S^ft;i5SfcT^^-efe'9. i. 5 

6 ± 0 . 0 1 ;z mici^ofpt 5 ^ t i^x^ tc. mmm^ 
(om^p ^^-fxi^mo^pSKmrniBXh^ g 

a I nAsP^:^\>^fzm^Kit-<X^:<iy^-U(DUho 

[0 0 3 0] LA^t. 3^}::s i ^^aS^ic^ 

iPL. S ilS^l X 1 O" cm"' ~5X 1 o" cm"' 

KWi^Lx\<^^<Dx\ fsmi3^xopmr-m^ (z 
n) (ommmt^^tt^x^. ^^mmmm^ 

[0 0 3 1] 03 f4, im^(D%2(Dmw,mmi^h^ 

^M^V—f\L-^\^X\U ^•YyT8^4X 1 O'' cm 
"' (DZn^JP(Z)pMl nPSte3 0©±(C, p®^7-y 
Kl 3 1 , Kl 3 2, ffittl 3 3 , %iS^ Kl 3 

4^t;nSi!' 7 y Kl 3 5 ±|EJi^c^;ft?]^^$^^-C 

[0 0 3 2] pMi5' 7 y Kl 3 1 [4. ^r^ y Tjf^ 1 0 
" cm"' ©Zn^iDCTJpSl nP 1. 5 a m) 
feSo %1S4Ym^2\±. =3E.^y7jg^5x 1 O" cm 
" (DS i^P©Ga I nAs P (Jf $0. 2;im, /^^ 
K^^yT'l. 13 Am) T'feSc ffi't4l3 3{4, ^rt 
yrlj^l O" cm"' cos \mWGa I nAs PPfil 
13 3a (J?$6nm, /^^K^l-y^"!. IS/zm, 
51) ^r^yrgSl O" cm" ©S i^in^Ga 
InAsP^Fl3 3b (J?$7nm, /^^K^^y/ 
1. 4//m, ^I^^S-g-^O. 6%, 61) fks m. 

\mrMLtzM^m^^pwttti^x\^^o k 

13 4(4, ^^yrji^S X 1 o" cm"' ©S i^ilP© 
GalnAsP (/^yK^>y7°l. 13Mm) Xh 

nSiJ'^y Kl3 5f4. dr^yrlSSXl 
O'' cm"' ©S i^iB^nSl nPTfcSo 
[0 0 3 3] p® I nP^75' K13 I©±a5j:f9±l 
;55|iS*^l. 5/im©^f-«5iiC/=eoT*3l9. ^(Dnrnt^ 
=^^ymi O'' cm"' ©Zn^iPtDp- I nPl3 
6 a. ^-t yrl^l O" cm"' ©S iMWxiWl n 
Pl;»SPMil3 7. yrjigi o'' cm"'©Zn^ 
iPfDpSl nPl3 6 b-efflfe3iStL-Cl^5c 
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(D^mX ^^^JTM^IO" cm' (DS i»©nM 
I nPl3 S^^^i-yTlSSX 1 O'' cm" . J?$ 
0. 5 //mroS i ^iCnM®Ga 0.47 I n 0.53 As 

[0 0 3 4] ^LT. GaInAsny^^M39± 
(itlAu-Ge/N i/AulitS (niil® 4 1:45^ 
tff^fife^n. pMl nP^3 0(D«ffi}Cf4Au-Zn 
/Aulti (piBimti) 4 2;J5^*ilf^^$^-C^^5o 

[00 3 5] ^mm(D^mi^\^-f\imm:^ 2 0 

0/zmiu sitsio^ (DmmKi:*), 10 
ffi(DSit'$;55 7 0 %. 'ftfe;^<^*SffiroSlt^;i5 9 0 %(Dm 

[00 3 6] *^li^J©^iif*:^-f <D|S^j^;Rf4 1 . 
3 nmX\ LtV^l;^Sf42. 3mA, ;^n-7''a$jjO 
mm\in (7 5V) /n (2 5°C) ~0. 8 tnm 

i^iLTfi. LtV^m^^S7) (75-0 /tj (2 5t:) ~ 

0. 7ttj:^tc, Mis VM3 2^<D^^3T 20 
«;g^55xio" cm'' titl^^M^^tcm:.. iilSi- 

mx^s 3 3 ©i:^?i^Fii5i©^ }cz n mm 

K13 2 4'®^^yTig^$'5X 1 o" cm"' J^A 

[0 0 3 7] taiSs mm±^uzmmM\^m^^ 

S i (DmM\i^(D-mtmXt^fl\at^Ctz.^^ 30 
^fc. ^IIM-t:14pS<^^^tli: trZn^ffi 
V^fc^^ Cd, Mg, B e^Srpi«(©^|lfitl<!:L•tfflV^ 

[ 0 0 3 8 ] ^^IMl?mPJLfcl^^3fl^F^5tf4V^ 
-fixfcffliM^WGa I nAs/^l^LGa I nAsP* 
S^;j5te<-tt>. ?l^<9S^©£i^^^ 

y'mm<D i/-Hf\ D F B 

[0 0 3 9] 



iLT©S itDlSSrl X 1 0 cm ~5X10 c 

m" \zwm-h^h\^i.'o . ^'m^xvw^^m^ m 

^ffZn) (DtefcSrJjifiJtT. i:i^#F«3t^-e<DpS 

^hflh. !J§oX. ^^©SW^^/ceGa InAs© 

[0 0 4 0] tfc:i(D^*HiS{ti;'3©¥^#:^-fl-t 

iC. Gal nAs^FJi^lV^fc:^^^C^4. ^FllS^G 

a I nAsjlH%X'fe^)#}c;t^^Ji^ti^:6^&Srffi^^fc 

[laffioffiWctEPj] 

[01] immw,\<^%m\\m^h^%>^^'-^(o 

[02] ^l©||llMli*5tt5LtV^«M©=3s.;^,y7S 

[03] *|g0J©^2©^JIM(-#ip5^^#:^-1f(^ 
^i^#3iSr*tiTffi0o 
[^^©IftKl 

10-n-InP£« 11-n-In 

P ^ 7 y Kl 

1 2 -n-Ga I nAs P3t;<f^ Kl IS-l^^H^F 

1 4-Ga I nAs P3t;i/^ Kl 15-p-In 
P ^' 7 y Kl 

16-p-InPl 17-n-In 

pm»fEPi±i 

18-p-InPl 19-p-Ga 
I nAs ^y^^ 

2 1 -Au-Zn/AumiS (ptim®) 2 2 -Au-Ge/Ni 

/Au (nfiim® 

30-p-InPS® 31-p-In 

3 2-Ga I nAs P^;^?''f Kl 3 3-*i^#F 

3 4 -Ga I nAs P)t;^;V Kl 3 5-n-In 
P ^ 7 s/ Kl 

36a, 36b-"p-InPl 37-"n-In 
PmiSPi±l 

38-n-InPl 39-n-Ga 
I nAs =iy^^ M 

4 1 --Au-Ge/Ni/Au (niiHIS) 4 2-Au-Zn/Au 

(pflss® 
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